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tmax X ln(EO/Ec)
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Simulation:
Experiment * Geometry
* Digitization

Calibration
(hit)
Hit Energy

Reconstruction

Shower
Energy/Position

Calibration
(shower)

Particle Momentum
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* Based on Csl(TI) crystal

* Used to measure energy and position for electrons and photons

* Designed performance

Crystal sizes :
* Length 28cm (15.1X,),

7 d |32k 2 E ] IE g T ]

 typical front and rear sizes 5.2x5.2-6.4x6.4 cm? {:\QQ
Barrel:

« 120x44=5280 crystals

* asmall tilt of 1.5° in ¢-directions and 1.5° to 3° in O-directions

Endcaps:
« 2x(96,96,80,80,64,64) =960 crystals

81884

Energy range: 20MeV - 2GeV %
Energy resolution: 2.5% @1GeV/c N

Position resolution: 0.6 cn @ 1GeV/c
Provide neutral energy trigger
Good e/t identification above 200MeV/c

Equivalent electronics noise for each channel is less than 200KeV
10
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* Geometry description ._-wu
e \\\\w\m\

Csl crystal, casing, PD, front-end electronics, cable, @
water pipe, and support system h

* Digitization

* Waveform generation w/ amplifier response Simulation
* Feature extraction: extract ADC/TDC from - SEeTA
waveform RS
csI | PD o Pre || Main . i i /
Amp Amp "o U NN OURN O )00 S B e
Beam test
SR U S I Yy S SO l B e e B s
- FlashADC | |
-E_ ; Sampling I
h3 "] peak finding '
TDC

Waveform from main amplifier

Readout electronics
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* Clustering

* A contiguous area of crystals with energy deposition that is larg
than a threshold

* Local maximum as the seed of shower

* Cluster splitting
* Need to split if there are more than one seed in a cluster

* Calculate weight from the i-th shower to a crystal
Ei,exp

[ ) W. o
YL exp

bqlx;—x.| bzlxi—xcl))

* where Ej oy = Ejseeq X (a1 €Xp (— - ) + azexp(——,
M M

* Update the Egpower and Xenower
* Perform the algorithm recursively

Typical cluster for 1.5GeV nt°

* BABAR Collaboration, B. Aubert et a/, Nucl. Instr. and Methods A 479, 1 (2002) 12



R EFIN B

* Shower energy

* E3x3, E5xb, Eall: Sum over crystal energies around the seed

* Shower position

* Center-of-gravity method
. x = Zjoxj
¢ ZJW]
* Logarithmic weighting function

« wj = Max(0,ay + In(E;) — In(Eoy))
* Position correction

* Correct bias of reconstructed position by Bhabha events

B, ..(rad)

500 —
400:_—
300:— _ FWHM
200 2.355 FWHM
mnf— tail
05 =05 57 08 09 10 11
Energy(GeV)
E5 x5 for 1GeV photon
Linear
weighting
l(a Al
i ~ |Lpgarithmic
" -~ Weighting
| L™ 13 Logarithmic
1 /V ((') )‘J g .
ol = weighting w/
1.05 11 1.15 12 ! 1 : ; Correction
145 7 =
(d)
Wy
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Crystals Pulse Amplitudes
in a clustering algorithm

Shower
Ee’f}/ X Z C?, X A?}j
@- N
\ amplitudes

Absolution energy scale

F: Shower energy corrections from single-y MC  ¢;: Crystal energy calibration from Bhabha
G: Shower energy corrections from n° data

G, F,c factors should/must be determined by the Calibration procedure,
aiming for the most accurate energy measurement for electrons & photons.

Detection unit uniformity
Pre-shower and leakage
Light yield non-uniformity

14



HRRREEXE

* Use Bhabha events to calibrate the crystal-level constants c;

*  Perform y?*-fit:

N .
By — LiEf /
2= (L) where EL=E0.)1(E.0.9

E.(0,0) : electron or positron energy from kinematic

f (E..0,0) : the fraction of energy deposited in EMC

Ek., : expectedenergy, o(6,0) . energy resolution

i — crystal index  k —shower index  g;— calibration constant

——_
€ 11mrad |

15
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* Step 1: Shower energy correction using simulated

single y events
* Esxs = Esxs/F
* Step 2: Shower energy correction using ° samples
* Esxs = Esxs/G
* Perform y? fit

Thus in the i~th Ej,,, and in the j—th Ey; gy, the corrected n” mass can be expressed as:

me = \/QEM. exp(—a;) Epign exp(—a;) (1 — cosf,,) my3*is the invariant mass of the photon pair
calculated with shower energy corrected
using MC correction function

= \/QE;,,,,.E;‘ig,‘(l —cosf,,) - exp(—a;/2 — «;/2)
=m" - exp(—a;/2 — a;/2),

The shift {logarithmical ) of n® mass to MC expected value in the i—th and j—th bin :
Cyi=wo;/2+4a;/2+0,; o] is its statistical error

Define a x? function: n
, In matrix form =B, -
2 _ZZ (/24 a;/2-C)? Z_IA"‘"“"’ By o = ZA’:’IB“
X = - U?j . = =1
’ _ {51'm+6jvn)(§ik +5j1.-) o -1
Minimizing it yields: A = ZZ 202, ? Acy = v 245
rala i
a;/2+a;[2-C;; (6. +3;1)C;
T U (§,+d.,)=0, B, = ATk Tk
2; rrfj (B +05) k Z; o (o :lnm‘i‘;"‘"‘ —InmSP,
. 2 _ 2 data 2 ex
dji = b=k k=1,2,..,n, here n=13 7 (Cig) =y (Inmi ) o (lamby).
0, if j#k. e
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45000 - 20000 =
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= = 5 12000
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Design objective:

Energy resolution: _(2.5%@1GeV)
Position resolution: _
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PANDA: Anti-Proton Annihilations at Darmstadt

Anti-proton beam between 1.5 GeV/c to 15 GeV/c
shoots on fixed target

Vs: 2.3 GeV ~ 5.5 GeV
Luminosity: 2x103? cm-? s-1

Complementary physics programs to BESIII
* pp can produce particles with any quantum number

Pillars
APPA @
CBM/HADES ©
NUSTAR ()
PANDA O

19
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PANDA B % = BE 2%

Target Spectrometer:

- Barrel and two endcaps
« 16,000 crystals, improved PoWO4
« X,=0.89 cm, Ry, =2.00 cm, x4 light yield at -25°C

« For barrel EMC, 11360 crystals, the average
lateral size of crystal is 21.3mm

Forward Spectrometer:
« Shashlik type sampling calorimeter

Designed energy and spatial resolution for
photons
<2%

i 1%®,/E/G6V
« < 0.5°(backward), < 0.3°(barrel), < 0.1°(forward)

Target Spectrometer

Forward Spectrometer

20
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vz positions of the crystals are defined by the gap
d and the crystal dimension
v For the (i+1)% crystal (minus)
v zjy1 = z; — (BF 4+ d)/cos6;
v where 04, = 6; + atan(@)

v Place the crystals from center to side one by one
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scintillation
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e

APD

APFEL

shaped
—_—

signal

>

line driver

10 m cable

SADC board

digitised

signal o

(14 bit,
80 MS/s)

FPGA

hit
information

« Large area APD (7x14 mm?)

« Capacitance: 270 pF (full depletion)
« Operated at gain ~200

= Two APD per crystal

« Charge sensitive preamplifier: APFEL
(ASIC for the PANDA Frontend ELectronics)
+ Reads out two APD (one crystal)
« Low noise input stage
« Shaper (~1 us shaping time)
« Two main amplifier (gain 1 and 10)
« 4 output signals (2 APD x 2 gains)
« Low power consumption (~100 mW)

rogramming  Optical Link

TIITTRUD
o a * Developed at

University of Uppsala
by Pawel Marciniewski

* 64 ADC channel

* 14 bit

* 80 MHz

* Two FPGA's

*  Two optical links

Kintex:
FPGA

BFEU 574 + BRI

Duo APDs
readout

- readout*4
Two-gain
amplifier -

64 ADC
channel
FPGA=*2

Waveform of a 0.5 GeV photon

Um::r?;am—)l FFT |/—)| abs(x) |/—)| x? H 10Iog(x/ref)|/—>

ISPt

B

BRI T ERIMRE
(B KO(n) -> O(1))

2 e ot snie e 8 BRI ~4

; - - WERE

: o« ETFFTHE AT
R e e ., s o SRIUY AT H AR
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APFEL Pulse (SADC)

8 aps, 80.0 MS/s _
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Feature Extraction ($FfEi2ER)
18 b6 %E B 74 %E 245 B[] RLBK: FBRIRIE EMEE, LEERES

—— Rawdata OF pulse height e °
. ) . Raw data
5 Delayed branch 10 - \ [ ]
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Mass Resolution of n° [MeV/c?]
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Calibration algorithm

Events Accumulation Fit Correction

Event 1

Ya my,(A, B)
YB% my,/(B, C)
\( = my(A, C)

. | 2 2
1[_‘ _)"CA: My /mpeak

— o
Army’'s —>

Cs

B: My 's * No Bhabha events for calibration
e Cc  Develop the algorithm using % events
.My S .
Event 2 | e  Single ° events
YA__...--=7mw(A, B) o « pp - n’n® 10 events
D: my's
Event 3

Iteration

25
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Test with single ¥y events

0,00

Testwithpp > 't mw

events

m = 0.13222, 5 = 0.010 (raw)
m = 0.13409, ¢ = 0.007 (cor)

E =0.98113, 6 = 0.085 (raw)
E =0.99611, ¢ = 0.043 (cor)

Before Calibration _ : .

W
(=]

Events / 7.0 MeV

wn
(=]
T T T T T

. L [ R
0.1 0.12 0.14 0.16 0.18 Oo"] 0.8 0.9 1 1.1 1.2

- After calibration. = = . = m(yy) (GeV/e?) E(y)/E(truth) (GeV)

0_.I..I

* An correction of energy leakage is included in the calibration
26
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Current Status

* Construction of many Phase 1 systems has started

* Integration and infrastructure planning progressing

* Delays in several parts due to delayed funding or contracting

*  Covid-19 needs to be accounted still

Installation periods according to present plans
* Installation period 1: solenoid, dipole, supports etc. in parallel with installation of technical building infrastructure

e Installation period 2: all other systems after building completed.

Boundary conditions for plan revision
* Completion of PANDA hall 2 years later than initially planned
» Start of installation period 1 on June 6 2024

* Mitigation: testing and pre-assembly of parts at other sites, storage

Ready for beam end 2026
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